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Effects of soybean cyst nematodes on host gene expression  
 
Department of Plant Pathology and Microbiology 
Abstract 
Soybean cyst nematodes are devastating pests and can drastically affect 
soybean yield and production. The main focus in Dr. Thomas Baum’s lab is 
to develop an in-depth understanding of the molecular interactions between 
the cyst nematodes and host plants, in order to develop better strategies for 
cyst nematode management.  
Working alongside scientist and supervisor, Dr. Parijat Juvale, a small part 
of the effector characterization studies was completed. Effectors are 
proteins secreted by the cyst nematodes in host tissues that help them 
establish infection. As a part of this project, transgenic Arabidopsis lines 
over-expressing a host gene were screened for homozygosity using 
Moorashige and Skoog plates with Hygromycin antibiotic. The identified 
homozygous lines were used for nematode susceptibility assay using 
twelve well plates. RNA was collected from the homozygous plants and 
cDNA was generated. This cDNA was used to check over-expression of the 
trans-gene using quantitative PCR. This project was part of the work of Dr. 
Juvale’s research, and will continue over the course of the upcoming years.  
 
 
 
Introduction 
Syncytium formation is necessary for the nematode’s successful infection 
of the host plant. This plant derived feeding site is required for the parasite 
to effectively sustain and complete it’s life cycle (Figure 1). Effector proteins 
are secreted by the nematode and are key to successful syncytium 
formation, as transduced signals from these proteins can drastically affect 
the physiology of the plant host (Figure 2). By overexpressing specific host 
genes, the resistance or susceptibility of the plant against parasitical 
exposure can be inferred.  
Methods 
From 73 distinct lines, roughly 20 seeds from each line were screened for 
homozygosity. Seeds from non-transformed Col O (Columbia Zero) were 
used as a control in the experiment. Plates were filled with MS media and 
Hygromycin antibiotic. The seeds from selected homozygous lines were 
grown on Modified Knops media for the nematode susceptibility assay and 
RNA extraction. cDNA was generated from this RNA by reverse transcription, 
and quantitative PCR was performed.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Discussion and Future Studies 
By analyzing the gel, it was was clear that the actin primers did not yield 
the expected control bands. It was inferred that there must have been 
an error in calculation in the volume of template used, a loading error in 
the gel wells, or a malfunction in the actin primers itself. Although the 
two PK3 lines indicated that they were over-expressed based on the 
bright bands that appeared on their lanes, the lack of a reliable control 
in the experiment could not confirm these experimental results.  Future 
study would include a series of trials to verify if indeed the actin primer 
was malfunctioning, or if it was an experimental error in loading and 
calculation. Re-collecting RNA might be necessary to yield a higher 
amount of concentration. More trials on the PK3 and SNRK lines would 
be done to identify and check for any other signs of overexpression. 
Nematode inoculation of the homozygous plants on the Mod Knops 
plates and their transfer into a greenhouse setting would follow this 
stage, in order to verify the response of the over-expressing plants to 
parasitical exposure. 
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Homozygosity Screening  
•  Using Moorashige and Skoog MS 
plates inoculated with Hygromycin 
antiobiotic, the selected seeds were 
used to screen for homozygosity.  
•  Homozygosity was marked by green 
color present in the germinated 
cotyledons of the seed with visible 
and healthy rootlets. 
 
RNA Isolation and Extraction 
•  Selected homozygous lines were 
transferred to six sterilized tubes and 
were filled with liquid nitrogen to 
flash freeze and prep for RNA 
extraction.  
•  The plants were ground to fine 
tissue in the tubes using sterilized 
plastic grinders, and were later 
stored in an -80 C chamber.  
•  Using standard lab protocol, RNA 
was extracted from the plant 
material to be later used for reverse 
transcription to cDNA.   
   
 
Reverse Transcription and qt-PCR  
•  Beforehand, RNA concentration was 
measured from each of the six 
tubes.  
•  Using a set of Actin primers as a 
control for the cDNA templates, 
quantitative PCR (q-PCR) was 
conducted in order to determine if 
the gene of interest was 
overexpressed in the lines. The PCR 
product was ran on the gel, and the 
band intensity was compared with the 
internal control, Actin PCR product over 
various time points of during the PCR 
reaction. 
•  Photos of the resultant bands were 
collected through gel electrophoresis 
and UV imaging.  
 
Results 
 
 
 
 
 
 
Figures 5 and 6. A bar graph depicting the RNA concentrations of the six chosen lines, and the 
image of the gel that displayed the inferred overexpression of the two PK3 lines, however the gel 
lacked the required control.  
Five lines were selected for displaying homozygous phenotypes. After 
RNA concentration was measured, it was found that SNRK 25(12-8) 
and PK3(12-1) had the highest amount of mRNA. qPCR experiment 
was conducted only for PK3 lines. PCR product could not be detected 
at the 20, 25, and 30 cycles but was detected at 35 cycles of the q-
PCR. PCR product was detected from PK3 (5-4-4) and PK3 (12-1) 
lines. Unfortunately, the actin primers that served as the internal control 
did not yield the expected bands, and we could not verify that results in 
the PK3 lanes.  
 
 
 
Figure 3. MS Media plates with Hygromycin antibiotic 
used to screen the seed lines.   
Figure 4. Apart from being placed on 12 well Mod 
Knops plates, some seeds from the homozygous lines 
were placed in the greenhouse for further growth.   
Figure 1. Diagram depicting nematode life cycle and syncytium 
formation on soybean root nodules. Effector proteins and the 
resultant signal transduction between the nematode and the 
host plant are crucial for successful syncytium development, 
and as a result serves as a key area of study on how to develop 
a heightened understanding of the host-parasite interactions. 
Image retrieved from https://www.plantpath.iastate.edu/scn/files/
page/images/SCN%20Life%20Cycle%20ISU.jpg 
Figure 2. Photo displaying various levels of gene over-
expression. By identifying homozygous lines after 
screening, over-expression was verified through reverse 
transcription and rt-PCR. Image retrieved from http://
www.public.iastate.edu/~trmaier/baumlab/
overexpression.gif 
Syncytium formation and 
nematode life cycle 
Gene over-expression 
Figure 5. cDNA was generated through 
reverse transcription, afterwards, q-PCR was 
conducted on the samples to amplify the 
sequences for gel electrophoresis.   
